In the brain, the ability to quantify regional blood flow, blood volume and metabolism using tomographic methods constitutes a major breakthrough in the study of central nervous system disease, and the development of capabilities to carry out tomographic studies in the heart to demonstrate wall motion, i.e., pumping efficiency of the heart, and regional circulatory disturbances and coronary occlusion with death of patches of heart muscle is providing a major attack on coronary artery disease.
greatly improves the possibilities of quantitation of this uptake -examples using positron and single photon techniques are presented for "NH3 and 201Tl
in the heart.
In my assignment to present a discussion putting medical radionuclide imaging procedures in per perspective, the first question I would raise is "What perspective?" A superficial historical review would nonminally fulfill this obligation, but would not, I fear, be very constructive. Itwould appear to be more appropriate to look at the present state of the imaging art from a technical point of view and to attempt to see how this fits with the medical and physiological questions physicians and medical scientists are trying to answer.
As digital technology has progressed explosively during the past few years, the approaches to data storage and display have become progressively refined, and image processing has proceeded from simple smoothing techniques to sophisticated filtering and edge detection procedures. Display matrices have grown from 40 X 40 to 512 X 512 or more. The use of color is with us, but still somewhat controversial.
A tremendous impetus has resulted from the introduction of X-ray transmission CAT scanning in the use of computers to produce reconstructed emission tomographic images one slice at a time or in some configurationswith multiple simultaneous In the brain, the ability to quantify regional blood flow, blood volume and metabolism using tomographic methods constitutes a major breakthrough in the study of central nervous system disease, and the development of capabilities to carry out tomographic studies in the heart to demonstrate wall motion, i.e., pumping efficiency of the heart, and regional circulatory disturbances and coronary occlusion with death of patches of heart muscle is providing a major attack on coronary artery disease.
To illustrate this sort of application in greater depth, I propose to discuss in more detail one aspect the problem as it relates to the heart. distinguish two levels of endeavor. The first includes the largely physical set of problems involved in the noninvasive measurement of the amount of tracer in different regions of the myocardium. It is not entirely clear that it is appropriate to include nitrogen-13 ammonium as a potassium analogue, although it has been shown to participate in the Na+-K-ATP-ase pump mechanism. One to two percent of the label is present as NH3 gas in solution at physiologic pH and could efficiently enter the myocardial tissue by passive diffusion as it apparently does in the brain. It has not yet been established which of these mechanisms or both may be active in the myocardium. The ammonia gas diffusion mechanism, if present, should result in a greater uptake at higher blood pH as in the brain. The only available evidence is for the liver where '3NH4+ uptake is unaffected by pH, thus supporting pump mechanism (Carter et al.) 2 The experiments for the myocardium have not yet been carried out.
The behavior of the blood disappearance curve of nitrogen-13 activity appears to differ qualitatively from the other agents (Fig. 1) . However, when one looks at the chemically separated ammonia in the blood, this difference disappears. The high tail of the 13N curve is due to the buildup of metabolically fixed 13N as glutamate, glutamine etc. in the circulation. The presence of this high blood level may well hasten the observed redistribution phenomena since glutamate is also extracted by the myocardium. The situation with stress induced uptake defects is further complicated by a changing perfusion pattern as the exercise stress is terminated.
The apparent logical conclusions from all these considerations seems to be that a reasonable measure of perfusion should be obtainable following intravenous administration of one of the potassium analogue tracers if measurements can be made within a few minutes after administration of the tracer so that significant redistribution has not occurred and if there is no significant ischemic damage and if the range of perfusion rates is not excessive.
A number of other substances have been looked at for myocardial imaging, and these deserve some comment.
Labeled glutamate (Lathrop et al.)3 mentioned earlier localizes well in the myocardium. This material is of particular interest since it has been shown that there is a net uptake of glutamate by the heart, unlike any other amino acid and this is enhanced by ischemia (Mudge et 
al).4
Nitrogen-13 alanine (Phelps)5 has been shown incidentally to localize well in the heart. This material is also intimately involved with myocardial nitrogen metabolism. Nitrogen-13 asparagine is concentrated by the canine heart to a remarkable extent (Gelbard et al).6 However, there are equally remarkable species differences (Majumdar et .0001 substantial sex differences and differences associated with whether the subject is in an anabolic or catabolic state. A number of simple compounds are localized efficiently and are metabolized rapidly. The myocardial uptake of ''C acetate in the baboon at three minutes disappears completely at 18 minutes. This might be a useful flow marker since it is presumably metabolized rapidly and is thus not available to result in redistribution phenomena. ''C-ethanol and methanol exhibit similar behavior.
Labeled fatty acids also appear to fall into this category but with longer time parameters.
It is possible that the rate of disappearance of such materials from the myocardium may be used as measures of myocardial metabolism independent of perfusion.
Studies with these metabolized tracers may produce useful insights but at the present time, the potassium analogues appear to be the agents of choice for estimating perfusion, and of these 13N ammonia and 201Tl have been looked at from the point of view of practicality.
Validation studies with nitrogen-13 ammonia, comparing localization with that of microspheres following left atrial injection, support quite strongly the idea that this substance, in spite of the many theoretical objections, is an excellent marker for flow. It appears to have the identical distribution as that of microspheres administered simultaneously into the left atrium in a pig with a two-hour-old myocardial infarction produced by LAD ligation (Walsh et 
al)."
A more searching study was carried out by Schelbert et al.9 A wide variation in myocardial perfusion was produced in a dog model by partial ligation of the LAD or circumflex together with administration of papaverine, over the physiological ran e of 0-300 ml/100 g/min. Microspheres and ?'NH3 were administered into the left atrium. The relationship between flow and uptake was shown to be quite linear with 100% increase in flow corresponding to 70% increase in 13NH3 uptake. The extraction fraction of 13NH3 thus appears to remain relatively constant over this range in the dog under the condition of the experiment.
The techniques for making quantitative in vivo uptake measurements particularly with positron emitters have received great impetus from the development of X-ray CAT scanning and a large variety of configurations have been developed over the past few years. Since the detection probability of a positron annihilation event is independent of depth, the uptake in a deep-seated source may be determined by comparison with a reference standard source on the surface of the body.
In Schelbert's studies the Ortec Emission CAT scanner was used (Phelps et In Fig. 2 a clinical study is shown in which conventioral images are compared to a tomographic study carried out with this equipment. Fig. 2 . "NH, images of heart in a patient with a recent postero-lateral infarct. At a previous bypass operation an apical ventrical tap was used producing the marked apical defect shown in the tomo-'graphic images and barely visible in the conventional images. The quantitation of thallium images at first sight appears to be most difficult. At the principal emission energy of mercury K X-rays, the separation of primary and scattered radiations by pulse height analysis is nearly impossible and the long half-life of 73 hours precludes administration of high activities.
In spite of these difficulties, a practical scheme for partial quantitation of thallium has been devised by Vogel et al. '2 A special case of coded aperture is used in which seven pinholes produce seven non-overlapping images on a wide field of view camera face. This configuration has the immense advantage that the signal-to-noise ratio problems encountered with other coded aperture systems with overlapping images is completely eliminated. Simultaneous longitudinal tomographic images are produced by an iterative back projection technique which includes an attenuation correction. Lesions not visible in conventional views become clearly visible. Within a slice, the activity is proportional to count density, although comparisons between slices are not at the moment possible. This configuration has the unique advantage of being potentially portable so that bedside studies can be carried out since patients with acute coronary occlusions ordinarily cannot be moved. Normalized radial count profiles may be generated and compared to normals, and changes during redistribution may be objectively documented.
We are proposing to extend this approach using "3N ammonia as a single photon emitter using a heavy collimator which preserves the geometry of the prototype system, thus making use of the capability of the 10-minute half-life of '3N for sequential and intervention studies. This approach lessens the problems of attenuation and permits an increase of about tenfold in the data rate.
Phenomena which we plan particularly to study with these techniques are the extensive changes in the size of uptake defects associated with fresh infarctions.
Further, it may be possible with quantitative techniques to arrive at some model to describe the changes seen in redistribution and to arrive at meaningful quantitative parameters to describe these phenomena in physiologic terms.
